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COMPLETE SPECIFICATION 



Improvements in and relating to Insulating Materials 



We, Raychem Corporation, of Oakside at 
Northside, Redwood City, California, United 
States of America, a corporation organized 
xinder the laws of the State of California, do 

5 hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement : — 

10 The present invention relates to an electrical 
insulating material having improved resistance 
to heat ageing and to fire, and more especially 
to a multilayer insulating material. 

It is known that polyolefins, for example, 

15 polyethylene, may be used in the manufacture 
of insulating material for electrical conductors 
- and other electrical and electronic components. 
Such materials suffer from the disadvantage 
that they have a relatively low melting point, 

20 , and a low resistance to fire and oxidation, and 
considerable effort has been directed to the 
manufacture of compositions having improved 
properties. It has been proposed, for example, 
to increase the melting point of polyethylene 

25 by cross-linking it, and it has also been pro- 
posed to impart the property of flame retard- 
ance to polyethylene by combining it with 
cenain additives. Many such additives, how- 
ever, adversely affect the dielectric properties, 

30 corrosion resistance, and the properties at low 
temperature. Further, the necessity of exposing 
insulating materials to increasingly severe con- 
ditions has increased the standards demanded 
for the heat and flame resistance, and the 

35 strength of polyolefin and other insulating 
material. 

The present invention - provides an article 
for electrical insulation comprising an inner 
layer comprising a cross-linked olefin polymer 
40 and an outer layer comprising a cross-linked 
homopolymer or copolymer of^ vinylidene 
fluoride. 

By "inner layer" there is to be understood 
the layer which, in use, is in contact with, or 
45 nearer to, a bodv to be insulated, while by 



"outer layer" there is to be understood the 
layer which, in use, is in contact with, or 
nearer to, the atmosphere surrounding the body 
to be (insulated. 

The present invention further provides an 
insulated electrical component, advantageously 
a conductor, preferably a wire, comprising an 
electrical component at least a portion of which 
is surrounded by electrical insulation compris- 
ing an inner layer comprising a cross-linked 
olefin polymer and an outer layer comprising 
a cross-linked vinylidene fluoride homopolymer 
or copolymer. 

The electrical component may be, for ex- 
ample a conducting _wire and the invention 
also provides a method for insulating an elec- 
trical conductor which comprises extruding a 
layer of olefin polymer over an electrical con- 
ductor and then extruding a layer of a vinyl- 
idene fluoride homopolymer or copolymer over 
the layer of olefin polymer, both layers being 
cross-linked. 

The olefin polymer may be a polyolefin, for 
example, polyethylene or polypropylene, or a 
copolymer of an olefin with any copolymeriz- 
able mohbmer, "for example, copolymers of 
ethylene with butehe-l, or vinyl acetate. The 
polymer may contain a flame retardant for ex- 
ample, an antimony compound, for example, 
present in an amount equivalent to at. least 
5% hy weight of antimony oxide. 

The polymer of vinylidene fluoride is pre- 
ferably polyvinylidene fluoride, and advan- 
tageously contains a minor proportion of tri- 
allyl cyanurate, preferably at least 0.5%, of its 
own weight. The polymer o f vinyl iden e fluor- 
ide will herdnaLfter_be^ tp f or simplicity, 
as polyvinylidene fluoride, but itj s to be under- 
stood 'WatTHiihles^ otherwise re- 
quiires, a 'copolymer may be used also. The 
tfiallyl cyanurate may be incorporated by the 
processes disclosed in our co-pending applica- 
tions No. 5501/64 (Specification No. 1047053) 
and No. 43110/65 (Specification No. 
1108990); preferably, the triallyl cyanurate is 
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present in a proponion of 0.5;% to 3% by 
weight based on the polyvinylddene fluoride 
The layers may be cross-linked^ for example, 
by irradiation, for example, by ultra-violet ir- 
radiation, irradiation with high energy elec- 
trons or by the radiation from an atomic pile, 
or the polyolefin may be chemically cross- 
Jinked, for example, by the incorporation of a 
free radiicaL initiator, such, for example, as a 
peroxide when polyethylene is used. When both 
layers^^re tp_ be cross-linked bx__ifr^Ration, 
^^.fy—?Pax.be irradi ated sep arately or, p refer-^ 
ably, sinnjlta^^^^^ in general, both materials" 
are cross-linked through the whole depth of 
their respective layers. 

Tlie degree of cross-Idnking and other pro- 
perties of the insulation of the present inven- 
tion may be varied to suit the application for 
which the finished material is intended. The 
inner layer preferably should be cross-linked 
to an extent equivalent to that provided by 
irradiation by high energy electrons to a dose 
of at least 2 megarads, and the polyvinylidene 
fluoride outer layer should preferably be cross- 
linked to an extent equivalent to that pro- 
duced by irradiation polyvdnylidene fluoride 
containing 0.5=% by weight of triallyl cyanur- 
ate with high energy electrons to a dose of at 
least 1 megarad. A convenient measure of the 
cross-linking generally required is that dt be 
suflBciem to impart form stability (i.e. the 
material does not melt or flow but substantially 
retains its shape) to the composicion above its 
crystallite melting temperature. 

For most applications, the thickness of the 
inner layer will be at least 3 mils, and of the 
outer layer at least 1.5 mils. Conventional 
additives may be added to each or either layer 
to obtain specific desired charaaeristics. 

The insulating material of the present inven- 
tion possesses a combination of characteristics 
not found in conventional insulating materials. 
Particularly surprising is the high degree of 
flame resistance possessed by the insulating 
material of the present invention even if no 
conventional flame retardant systems are added 
to the highly flammable polyolefin. Although 
it is to be understood that the present inven- 
tion is not to be considered to be confined to 
any particular theory of operation, dt would 
appear possible that the polyvinylidene fluoride 
outer layer functions to reduce substantially 
the availability of oxygen to the polyolefin 
thereby inhibiting flame propagation. The 
polyvinylidene fluoride itself does not support 
combustion and when pyrolyzed appears to be 
convened to a highly stable polynuclear struc- 
ture. The excellent resistance to heat ageing of 
the insulating material of the present invenrion 
may also be attributed to the function of the 



polyvinylidene fluoride outer layer of markedlv 
pSySefi? ^^^^^atDility of oxygen to the 

StiU another advantage of the present inven- 
tion is that the polyvinylidene fluoride outer 65 
jacket imparts such a high degree of strength 
that the thickness of insulation may be sub- 
stantially reduced. This strength in a thin- 
wall structure complements the light weight 
and excellent di-elearic properties of the poly- 70 
olefin. The fact that thin-wall structures are 
made possible by the present invention ds of 
great importance in view of the emphasis on 
mimaturization of electronic circuitry in ' 
modem technology. The same properties make 75 
the insulauon of the present invention most 
valuable m applications where light weight is 
of importance such as in aircraft, missiles and 
satellites. 

TTie present invention is further illustrated 80 
by the following Examples wherdn all proper- 
ties are expressed in parts by weight unless 
otherwise mdicated. 



Example 1 

A 22 gauge stranded (19/34) tin coated 85 
^^PP%^^?<^^<^^OT having an outside diameter 
ot 0.032 inch was coated with a composition 
consisting of 81.6 parts high density, high 
molecular weight polyethylene composition 
I'^^lP.^^i"^ '^^'''^^ [Tenite is a trade 90 

^•1* ^^Parts Santonox R, (a sulphide of 
a dialkyl phenol), 12,9 parts antimony oxide 
A n Jc*^?""^? ^^l^^^ cyanurate to a thickness of . 
0.0145 inch thereby giving the insulated wire ^ 
an outside diameter of 0.061 inch. This in- -95 
sulated wire vras then subjeaed to an irradia- 
tion dose of 20 megarads using high enerev 
electrons as the irradiation source. This wue 
was then coated with a composition consisting 
ot 95.2 parts polyvinylidene fluoride and 2.4 ino 
pans triaUyl cyanurate. The polyvinylidene 
fluoride coating imparted a final outside dia- 
meter of 0.071 inch to the wire. This wire was 
then subjected to an (irradiation dose of 6 
megarads using high energy electrons as the 105 
irradiauon source. 

This wire was then subjected to some stan- 
dard tests and the results were compared with 
those obtained for various high temperature 
insulated wires approved for use by the mild- no 
tary, the insulation of which comprised var- 
ious laminated constructions which are superior 
to all known polyolefin insulating materials. 
In the order set fonh in Table 1, these insulat- 
ing materials comprised silicone rubber with 115 
an outer dacron-glass braid; polytetrafluoro- 
ethylene having an interior layer of mineral 
powder and polytetrafluoroethylene tape in 
combination with saturated glass braid. 
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200°C. until breaking occurred on bending flammability test of ASTM D 734. The results 
over its own diameter) and to the venicaL of the tests are set fordi in Table 3. 



Table 3 

Polyethylene Dose 
10 megarads 



Polyethylene Dose 
20 megarads 





Heat 


Vertical 


Heat 


Vertical 




ageing 


flammability 


ageing 


flammability 


Formulation 


(hours) 


(inches) 


(hours) 


(inches) 


1 


113 




113 


7.0 


2 


121 






6.2 


3 


121 




145 


4.6 


4 
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Example IV 
To establish the necessity of cross-linking 
both layers of the insulation of the present 
inventiionj a series of identical samples was 
prepared each comprising the same inner poly- 
ethylene layer and the same outer polyvinyl- 
idene fluoride layer having the same composi- 
tion and thickness descril>ed in Example 1. It 
was found that when the polyethylene layer 
was not irradiated, the insulation failed the 
accelerate4 ageing test MIL — W — 81044/2- 
(WEP), whether the polyvinylidene fluoride 
layer was irradiated or not. When these insu- 
lated specimens were subjected to the vertical 
flammability test prescribed by Federal Speci- 
fication J — C — 98, Method 5221, it was found 
that the specimen in which both layers were 
irradiated burned for 3.6 inches while the 
specimen in which the polyethylene layer was 
irradiate4 but the polyvinylidene fluoiide layer 
was not irradiated burned 6.5 inches, almost 
twice as much. A second series of wires having 
insulation of the same composition and thick- 
ness as described in Example II was sub- 
jected to the same accelerated ageing test and 
it was found that only when both layers were 
irradiated would the insulating material pass 
this test. 

WHAT WE CLAIM IS : — 

1. An article for electrical insvdation which 
comprises an inner layer (as hereinbefore de- 
fined) comprising a cross-linked olefin polymer 
and an outer Layer comprising a cross-linked 
homopolymer or copolymer of vinylidene 
fluoride. 

2. An article as claimed in claim 1 wherein 
the polymer of vinylidene fluoride has been 
cross-linked by irradiation. 

3. An article as claimed in claim 1, wherein 
the olefin polymer has been cross-Jinked by 
irradiation. 

4. An article as claimed in claim 1, wherein 



the olefin polymer and the polymer of vinyl- 
idene fluoride have been cross-linked by ir- 
radiation. 50 

5. An anicle as claimed dn claim 4, wherein 
the olefin polymer and the polymer of vinyl- 
idene fluoride have been cross-linked simul- 
taneously. 

6. An article as claimed in any one of claims 55 
2 to 5 wherein the polymer of vinylidene 
fluoride comprises at least 0.5% by weight of 
triallyl cyanurate. 

7. An anicle as claimed in any one of claims 

1 to 6j wherein the ijlefin polymer has been 60 
cross-linked to an extent at least equal to that 
produced by high energy irradiation to a dose 
of 2 megarads. 

8. An article as claimed in any one of claims 

1 to 7 wherein the polymer of vinylidene ^5 
fluoride has been cross-linked to an extent at 
least equal to that produced in polyvinylidene 
fluoride containing 0.5% by weight triallyl 
cyanurate by high energy irradiation to a dose 
of 1 megarad. 70 

9. An article as claimed in any one of claims 
1 to 6, wherein the olefin polymer and the 
polymer of vinylidene fluoride have each been 
cross-linked at least to an extent such that, 
when heated above the respective crystalline 75 
melting points, each has form stability. 

10. An article as claimed in any one of 
claims 1 to 9, wherein the olefin polymer is 
polyethylene. 

11. An article as claimed in any one of 80 
claims 1 to 10, wherein the olefin polymer 
contains a flame retardant. 

12. An article as claimed in claim 11, where- 
in the flame retardant is an antimony com- 
pound present in a quantity equivalent to at 85 
least 5;% by weight, based on the weight of 

the olefin polymer, of antimony oxide. 

13. An article as claimed in any one of 
claims 1 to 12, wherein the polymer of vinyl- 
idene fluoride is polyvinylidene fluoride. 90 
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14. An amcle as claimed in claim 1, where- 
m the polymer of vinylddene fluoride comprises 

weight of triallyl cyanurate. 

15. An article as claimed in any one of 
^j^^^^s 6 to 14, wherein the polymer of vinyl- 
idene fluoride comprises from 0.5% to 3°/ by 
weight of triallyl cyanurate. 

16. An article as claimed in claim 1, sub- 
stantially as described in any one of the Ex- 
amples herein. 

17. An insulated electrical component, at 
least a ponion of which is surrounded by in- 
sulation which comprises an inner layer com- 
prising a cross-linked olefin polymer and an 
outer layer comprising a cross-linked homo- 
polymer or copolymer of vinyladene fluoride. 

18. An insulated component as claimed in 
claim 17, which component comprises an elec- 
trical conductor. 

19. An insulated component as claimed in 
claim 18, wherein the conductor is a wire. 

20. An insulated component as claimed in 
any one of claims 17 to 19, wherein the insula- 
tion compnses a cross-linked olefin polymer 
and cross-linked polymer of vinylddene fluoride 
as specified in any one of claims 2 to 13 or 16. 

21. An insulated component as claimed in 
any one of claims 17 to 19, wherein the insula- 
tion comprises a cross-linked polymer of vdnyl- 
idene fluoride as specified in claim 14 or 
claim 15. 



22. A method for insulating an elearical 
conductor, which comprises exuding flayer 
of olefin polymer over an electrical conduaor 

and then extruding a layer of a homopolymer 35 
or copolymer of vinylidene fluoride over the 
itSld P^^y"^^^^ both layers being cross- 

23. A method as claimed in claim 22, where- 

m the polymer of vinylidene fluoride is poly- 40 
vinylidene fluoride. ^ ^ 

24. An anicle as claimed in any one of 
claims 1 to 13 wherein each layer has been 
cross-lmked throughout. 

25. An article as claimed in claim 14 or 45 
claim 15, wherein each layer has been cross- 
lmked throughout. 

26. An insulated elearical component as 
claimed in any one of claims 17 to 20 wherein 
each layer of the insulation has been cross- 50 
linked throughout. 

27. An insulated electrical component as 
claimed m claim 21 wherein each layer of the 
msulation has been cross-linked throughout, 

28. A method as claimed in claim 22 or 55 
claim 23, wherein each layer is cross-Unked 
throughout. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Quality House, Quality Court, 
Chancery Lane, London, W.C.2. 
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